A new species of the genus Actinomuduru which belongs to the Actinomuduru rnudurue group of Goodfellow et al. was isolated from soil collected in Togo, West Africa. Traditional taxonomic methods plus contemporary fatty acid analysis techniques were used to establish the position of this species. Both physiological characteristics and fatty acid composition differentiate this strain from previously described species. This culture produces a new polyether antibiotic. It is characterized by the production of white to pink aerial hyphae on a limited number of media. The aerial hyphae appear asporogenous, forming thick fibers and projections instead of true spores, The reverse side is a distinctive reddish orange. This organism is resistant to 5% NaCl and grows at temperatures between 20 and 45°C. Whole cells contain rneso-diaminopimelic acid, galactose, glucose, mannose, madurose, phosphatidylinositol, and diphosphatidylglycerol. The menaquinones detected were MK-9(H&) and minor amounts of MK-9(H8). The name proposed for this new species is Actinomuduru fibrosa; the type strain is strain NRRL 18348.
A new species of the genus Actinomuduru which belongs to the Actinomuduru rnudurue group of Goodfellow et al. was isolated from soil collected in Togo, West Africa. Traditional taxonomic methods plus contemporary fatty acid analysis techniques were used to establish the position of this species. Both physiological characteristics and fatty acid composition differentiate this strain from previously described species. This culture produces a new polyether antibiotic. It is characterized by the production of white to pink aerial hyphae on a limited number of media. The aerial hyphae appear asporogenous, forming thick fibers and projections instead of true spores, The reverse side is a distinctive reddish orange. This organism is resistant to 5% NaCl and grows at temperatures between 20 and 45°C. Whole cells contain rneso-diaminopimelic acid, galactose, glucose, mannose, madurose, phosphatidylinositol, and diphosphatidylglycerol. The menaquinones detected were MK-9(H&) and minor amounts of MK-9(H8). The name proposed for this new species is Actinomuduru fibrosa; the type strain is strain NRRL 18348.
The genus Actinomadura was established in 1970 by Lechevalier and Lechevalier (14) with a minimal description for aerobic actinomycetes having primary or substrate mycelium, but not necessarily secondary or aerial mycelium. The genus was described primarily by using a small number of subjectively weighted chemical and morphological characteristics. Sporangia are not formed. Cell walls are type I11 (meso-diaminopimelic acid), with whole-cell hydrolysates containing 3-O-methyl-~-galactose (madurose) and no other diagnostic sugars. Nocardomycolic acids are not produced. The genus was established with the following three species: Actinomadura dassonvillei, Actinomadura madurae, and Actinomadura pelletieri (14) . The Approved Lists of Bacterial Names (21) contains 24 species; however, a number of other species have been validly published since the Approved Lists appeared. Goodfellow et al. (9) mention that the genus currently accommodates 26 species.
Fischer et al. (8) divided the genus Actinomadura into two clusters; the first cluster contained six species, and the second cluster contained five species. This classification was based on chemotaxonomic characteristics (menaquinones, whole-cell sugars, fatty acids, and G+C content) and nucleic acid hybridization studies. Fischer et al. suggested that the genus should be restricted to the first cluster, which consists of the following species: A . madurae, A . pelletieri, Actinomadura verrucosospora, Actinomadura malachitica, Actinomadura citrea, and Actinomadura kijaniata.
Athalye et al. (2) limited the species to the following nine: A . citrea, Actinomadura coerulea, Actinomadura coeruleoviolacea, Actinomadura cremea, Actinomadura livida, A . madurae, A . malachitica, A . pelletieri, and A . verrucosospora.
In recent chemotaxonomic work, based on rRNA oligonucleotide data, Goodfellow et al. (9) divided the genus into two separate genera. The genus Actinomadura sensu strict0 contains the following 11 species: A . madurae, A . citrea, A . coerulea, A . cremea, A . livida, Actinomadura luteojluorescens, A . malachitica, A . pelletieri, Actinomadura spadix, A . verrucosospora, and Actinomadura vinacea. A new genus was erected for the species previously assigned to the Actinomadura pusilla group. This new genus is called Nonomuria and contains the following 11 members: Nonomuria spiralis.
The actinomadurae are an important group of actinomycetes, as many antibiotics of commercial interest are produced by them. However, the taxon is heterogeneous, and its taxonomy is not clearly defined. New species are continually being identified, and as classification of these new species proceeds this should help to define the genus.
Strain A82810.1T (T = type strain) was isolated from soil collected in Togo, West Africa. This organism is aerobic and forms branching primary mycelia; aerial hyphae are rarely present and are composed of asporogenous bundles of fibers. Strain A82810.1T has a type I11 cell wall composition, a type PI phospholipid pattern, and hexahydrogenated menaquinones with nine isoprene units [MK-9(H6)]. Based on morphological and chemical data and on a fatty acid analysis, we believe that strain A82810.1T is a member of a new species, for which the name Actinomadura fibrosa is proposed.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study are listed in Table 1 . Strain A82810.1T is a natural variant of the parent strain which was isolated from soil collected in Togo, West Africa, by using standard plating techniques.
Media. Cells were grown for 72 h at 30°C in a medium containing 30 g of tryptic soy broth, 3 g of yeast extract, 2 g of MgSO, 7H20,5 g of glucose, and 4 g of maltose in 1,000 ml of deionized water. After incubation on a rotary shaker at 250 rpm, the cells were harvested by centrifugation, washed twice with sterile water, and then used as inocula. Biomass for the chemotaxonomic analyses was prepared by using lyophilized whole cells grown as described above. Cultural studies were done on International Streptomyces Project (11) . Fatty acid analysis. Fatty acid methyl esters were analyzed by gas-liquid chromatography with a model 5898A computer-controlled gas-liquid chromatography system (HewlettPackard Co., Palo Alto, Calif.). Fatty acid methyl esters were made from lyophilized whole cells grown under identical conditions for 72 h at 30°C. The methods used were those described by Miller and Berger (18) . The dendrogram was based on Euclidian distance and was computer generated. The principal-component analysis was two-dimensional and was also computer generated (1) .
Scanning electron microscopy. Cultures were fixed in osmium tetroxide vapors for 20 h, dehydrated, rotary shadowed with gold-palladium, and then viewed with an Etec scanning electron microscope. Cultural observations. Characteristics were recorded after 21 days of incubation at 30°C by using methods recommended by Shirling and Gottlieb (20) . The ISCC-NBS Centroid Color Charts (22) were used to identify colors of reverse sides, and the Color Harmony Manual (6) was used to determine aerial spore mass colors.
Physiological tests. The methods recommended by Gordon et al. (10) were used for the physiological tests. H2S production was measured by placing lead acetate strips (Difco) over the surfaces of ISP medium 6 agar slants. Testosterone degradation was measured by using 0.1% (wt/vol) testosterone in nutrient agar. Allantoin decomposition was measured by the method of Kurup and Schmitt (12) . NaCl tolerance was measured by streaking a culture onto the surfaces of plates of ISP medium 2 containing NaCl at different concentrations and incubating the preparations at 30°C for 14 days. The growth temperature range was determined by incubating cultures at different temperatures for 7 to 14 days on ISP medium 2.
Catalase, phosphatase, and urease were determined by using the methods of Blazevic and Ederer (4).
Resistance to antibiotics. Antibiotic disks obtained from Difco were placed onto the surfaces of ISP medium 2 agar plates seeded with 2% inoculum of the organism to be tested, and the preparations were incubated at 30°C for 1 week.
Chemotaxonomy. Whole-cell hydrolysates prepared from washed, lyophilized, 72-h vegetative growth were examined by using the methods of Becker et al. (3) and Lechevalier and Lechevalier (15) . Mycolic acid determinations were based on techniques described by Minnikin et al. (19) . Phospholipids were extracted with CHCl,, chromatographed on Silica Gel 60 F-254 thin-layer chromatography plates in CHC1,-methanol-concentrated NH,OH (200: 120: 15) against
RESULTS AND DISCUSSION
Soil isolate A82810. lT has chemotaxonomic properties and cultural and morphological characteristics that are consistent with the genus Actinomadura as described by Lechevalier and Lechevalier (14) and with the definition of this genus given by Athalye et al. (2) .
Identity of genus. The substrate mycelia of actinomadurae are well developed, branched, and septate, generally giving rise to sparse to copious aerial mycelia. Colonies are slow growing and convex or crateriform and have filamentous or entire margins; these organisms are aerobic, gram positive, nonmotile, and susceptible to lysozyme. The cell walls are chemotype I11 (meso-diaminopimelic acid), whole cells contain madurose (3-O-methyl-~-galactose), and phospholipids are either type PI (no nitrogenous phospholipids) or type PIV (unknown glucosamine-containing phospholipids) (17) . The major menaquinones are predominantly MK-9(H6), although other types, such as MK-9(H4), may be present (8) . Cells contain iso-branched fatty acids and tuberculostearic acid. No mycolic acids are present.
This cell chemistry and these cultural and morphological characteristics indicate that strain A82810. lT belongs to the genus Actinomadura.
Identity of species. A total of 23 type strains of Actinomadura species were grown along with strain A82810.1T on 21 different agar media. Cultural and morphological characteristics were compared. Strain A82810.1T showed similarities to the following species: A . coerulea, A . madurae, "Actinomadura pulveracea," "Actinomadura roseorufa," Actinomadura rubra, Actinomadura salmonea, and A . verrucosospora. Neither " A . pulveracea" nor " A . roseorufa" has been validated by proper publication. However, these organisms were included in this study for academic reasons.
The biochemical characteristics of the seven species listed above were gathered from previously published descriptions and compared with the characteristics of strain A82810.1T. A table of similarity coefficients was constructed. The number of unit characters varied with the amount of information available for each species, but the average number was 50. In these various studies we used standard media and cultivation conditions (see above). The coefficient of Jaccard and the simple matching coefficient were used (13). Both of these coefficients are methods of establishing overall similarity. The Jaccard coefficient, which is also called the Sneath coefficient, uses only the number of positively similar and dissimilar characters. The simple matching coefficient includes negatively similar characters. Although the simple matching coefficient is the more commonly used, together the two coefficients present a good evaluation of overall similarity. These coefficients are shown in Table 2 . Based on this comparison, A . verrucosospora was the most similar organism; however, neither coefficient was considered significantly close. Fatty acid analyses were performed on the whole cells of the seven cultures. Figure 1 shows a dendrogram of the resulting data and indicates relationships measured in Euclidian distance. Organisms grouping below a Euclidian distance of i0 are similar enough to be considered identical species (M. Sasser, personal communication). Based on this criterion, A . verrucosospora and " A . pulveracea" appear to be the same species, while strain A82810.1T is not closely related to any of the species as measured by this method. A . rubra and A . salmonea also appear to be the same species and to cluster separately from the other taxa. This observation supports the inclusion of these two species in the genus Nonomuria as recently erected by Goodfellow et al. (9) . This observation is also supported by the data in Fig. 2 and 3 . Principal-component analysis is a branch of multivariate statistics that deals with the internal relationships of a set of variables. In this analysis the greatest amount of variance within the original data or test results is expressed as principal components (1). Thus, a plot showing scatter or variability can be constructed. Relationships can then be evaluated by examining this variance, and a microbial population can be characterized. A two-dimensional principalcomponent plot from the fatty acid analysis is shown in Fig.  2 . The numbers represent variation and demonstrate relationships. The plot represents 75% of the between-strain variance. A large degree of scattering is obvious, which indicates that the actinomadurae are a very diverse group.
Strain A82810.1T is well separated from all seven of the species included in this study. It bears no close relationship to any species included in this study, since there is no apparent clustering. Figure 3 is a three-dimensional plot which shows the percentages of the named fatty acids. Strain A82810.1T does not cluster with any of the species with which it was compared. The two fatty acid plots in Fig. 2 and  3 support the conclusions from the dendrogram in Fig. 1 , that A. verrucosospora and " A . pulveracea" are the same species and that A . rubra and A . salmonea are the same species.
Inspection of the cultural characteristics, similarity coefficients, and results of fatty acid analyses indicates that of the seven previously described species with which it was Table 3 lists some significant differences between strain A82810. lT and these two species. Together, all of these measurements suggest that strain A82810. lT is unlike previously described Actinomadura species. Therefore, this organism is proposed as a new species, for which the name Actinomadura jibrosa has been selected. Actinomadura fibrosa sp. nov. Actinomadura jibrosa (fi. bro'sa. L. adj. fibrosa, fibrous, referring to the fibrous appearance of the aerial hyphae) cells are aerobic, gram positive, nonmotile, and filamentous, occasionally producing aerial hyphae.
Cultural characteristics. Strain A82810. lT grows well on both complex and defined media. However, aerial mycelia are rarely produced except on ISP medium 2, Bennett agar, and tomato paste oatmeal agar. When aerial hyphae are produced, they are pink to white. The reverse sides are reddish brown to a distinctive reddish orange. No soluble pigments are observed. These cultural characteristics are shown in Table 4 .
Morphological characteristics. Strain A82810. lT produces an extensive substrate mycelium. The aerial hyphae are unusual. When they are observed by using light microscopy and scanning electron microscopy, no segmentation into spores is observed. The hyphae appear to be mainly asporogenous. Numerous bundles of hyphae forming thick fibers are readily apparent. Figure 4 is a scanning electron micrograph that shows the lack of segmentation into spores and the formation of bundles of fibers. Occasionally other fibrous structures are observed. These structures, in addition to the fibrous appearance of the aerial hyphae in general, are the basis for the species name. No typical morphology nor spore characteristics can be reported.
Physiological characteristics. Strain A82810. lT produces acid from the following carbohydrates: adonitol, L-arabinose, cellobiose, fructose, galactose, glucose, glycerol, glycogen, lactose, maltose, mannose, rhamnose, ribose, sucrose, trehalose, and xylose. Acid is not produced from D-arabinose, cellulose, dextrin, dulcitol, ethanol, erithritol, inositol, inulin, mannitol, melezitose, melibiose, a-methyl-D-glucoside, raffinose, salicin, sorbitol, sorbose, and xylitol. The following organic acids are utilized as sodium salts: acetate, butyrate, propionate, and pyruvate. Benzoate, citrate, formate, lactate, malate, mucate, oxalate, succinate, and tartrate are not utilized. Strain A82810.1T decomposes casein, elastin, esculin, hypoxanthine, starch, testosterone, tyrosine, and urea, but not adenine, allantoin, calcium malate, guanine, hippurate, and xanthine. Strain A82810.1T produces catalase, phosphatase, and urease, liquefies gelatin, hydrolyzes skim milk, and is able to survive a tempera- ture of 50°C for 8 h. It does not produce melanoid pigments or H,S, reduce nitrates, or peptonize skim milk.
Strain A82810.1T is resistant to cephalothin (30 pg), lincomycin (2 pg), penicillin G (10 U), rifampin (5 pg), and lysozyme (50 pg/ml). It is susceptible to bacitracin (10 U), gentamicin (10 pg), neomycin (30 pg), oleandomycin (15 pg), streptomycin (10 pg), tetracycline (30 pg), tobramycin (10 pg), and vancomycin (30 pg). Strain A82810.1T grows in a temperature range of 20 to 45°C. The optimum temperature appears to be 37°C. The organism tolerates NaCl at levels up to and including 5%.
Chemotaxonomy. Hydrolyzed whole cells contain mesodiaminopimelic acid. The following sugars are detected in whole-cell extracts: galactose, glucose, mannose, madurose, and ribose. Thus, strain A82810.1T has a type I11 cell wall and a type B sugar pattern (15) . Mycolic acids are not detected. Phospholipid determinations on whole cells indicate the presence of phosphatidylinositol and diphosphatidylglycerol. No phosphatidylethanolamine, phosphatidylmethylethanolamine, or phosphatidylcholine is detected. Therefore, strain A82810.1T has a type PI phospholipid pattern (17). The menaquinones detected in strain A82810.1T are hexahydrogenated menaquinones with nine isoprene units [MK-9(H6)]. A minor amount of octahydrogenated menaquinones [MK-9(H8)] are also detected.
Type strain. The type strain is strain A82810.1 (= NRRL 18348). This organism was isolated from soil collected in Togo, West Africa. The species description is based on a single strain and thus serves as the type strain description.
